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FERTILITY V ARIA TIO NS IN TETRAPLOID TOMATOES WITH DIFFERENT GENETIC ORIGINS 1

E. \V.

LINDSTROM

By a very simple technique it has become possible to double the
chromosome number of the tomato plant practically at will. Tetraploid forms thus derived are affording critical opportunities to
ascertain the fundamental relation between chromosomes and
hereditary characters, especially characters involving fertility (or
sterility) of flower and fruit.
This doubling of chromosome numbers is accomplished by decapitating young plants (with 3-5 leaves), allowing a callus to
form on the cut stem from which adventitious sprouts arise. (J orgenson 1928, Lindstrom 1931). These are rooted as cuttings, and
a certain per cent (ranging from 5 to 30) of the resulting plants
prove to be tetraploids. Cytological studies of the callus tissue show
many binucleate cells and occasionally two daughter nuclei apparently fuse before the cell wall which normally separates them is
formed. Such a cell with duplicated chromosomes is the origin of
the tetraploid.
In our laboratory, tetraploid tomatoes have been thus produced
from three different sources:
1. From a haploid tomato, doubled to give a diploid (Lindstrom 1929).
2. From a standard diploid type ( F 1 diploids of varietal
crosses).
3. From the Currant species, Lycopersicum pimpinellifolium.
All tetraploids produced in this fashion show the typical increase
in vegetative growth. The leaves are larger and darker green. The
flowers are distinctly larger, ranging from 70 to 100 per cent
greater size than diploid flowers. They vary, however, in their
gametic sterility and subsequent seed formation which in turn
affects the fruit size. Pollen studies show a high percentage of large
pollen grains (mostly diploid) and some degree of pollen abortion,
ranging from 10-25 per cent.
Tetraploids from haploid - From our sterile haploid ( 12 chromosomes) tomato, fully fertile diploid forms have been produced
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by the decapitation process. Genetically these diploids are absolutely homozygous since each of the 12 chromosomes has an
identical homolog. When such diploids are decapitated, fully 30
per cent of the sprouts from the callus proved to be tetraploids.
These 48-chromosome forms possess 12 sets of four, identical,
homologous chromosomes. At meiosis these combine almost entirely
as tetrasomes (or tetravalents). The reduction division appears to
proceed quite normally, most of the daughter cells showing 24
chromosomes.
Nevertheless there is at least 20 per cent abortive pollen, and
very few seeds are formed. On the whole the seed set is less than
10 per cent normal when the tetraploid is self-pollinated. When
pollinated with pollen from a standard diploid, seed development
within the tetraploid fruits is practically absent. Small, sterile
fruits with a hard, woody core are formed, showing nearly 100
per cent abortive seeds.
Over forty such tetraploids have been grown to maturity. The
progenies from the few seeds obtained by self-pollination have
been mixtures of tetraploids, diploids and forms with various
degrees of sterility. In other words such tetraploids did not breed
true.
The cause of the high degree of sterility cannot rest entirely with
· the failure of gamete formation since at least 80 per cent of the
pollen grains are normal in appearance and can germinate. Moreover in other tetraploids fertility is much higher. Incompatibility
between diploid or haploid pollen tube growth and the tetraploid
sporophyte tissue of the style is perhaps another source of the
sterility.
T etraploids from standard diploids - Two series of F 1 plants
from diploid varietal crosses were decapitated, and typical tetraploids produced therefrom. Approximately 12 per cent of the
sprouts in this case proved to be tetraploid. These produced normal
siied fruits (practically as large as the diploid) in abundance. Seed
formation in self-fertilized F 1 tetraploids was fairly good. On the
whole the number of fertile seeds was approximately 40 per cent
that of a normal diploid of this type. There was considerable evidence of abortive seeds in these tetraploid fruits. Among these
fertile seeds there was much variation in size, some being distinctly
large ( tetraploid) while others were as small as typical diploid
seed.
When these tetraploids were pollinated with normal pollen there

https://scholarworks.uni.edu/pias/vol38/iss1/8

2

Lindstrom: Fertility Variations in Tetraploid Tomatoes with Different Geneti
1931] •

FERTILITY VARIATIONS IN TOMATOES

87

resulted practically no seed. Apparently haploid pollen grains are
not able to function properly in tetraploid stylar tissue.
Tetraploids from L. pimpinellifolium - When this well-known
Red Currant tomato species was decapitated and sprouts from the
callus tissue tested, only 8 per cent of them developed into tetraploid plants. These showed a striking increase in vegetative vigor,
and in leaf and stalk size. Their flowers were fully twice the size
of the diploid. They were arranged in the characteristic, long
raceme of the Currant type.
Fruit formation on this tetraploid was surprisingly good. The
individual fruits were practically twice as large as those of the
diploid from which they arose. They were as large as the fruits of
the Red Cherry variety. The seed formation was equally surprising
being nearly perfect when the flowers had been self-fertilized.
When pollinated with pollen from a normal diploid, the tetraploid
set fruit but seeds were practically absent.
The seeding progenies from these tetraploids were strikingly
uniform, and were noticeably larger than those of the diploid, both
in cotyledon and leaf size. Over sixty plants are now growing and
all are tetraploid in foliage characters. Apparently this tetraploid
is breeding true, an unusual phenomenon for a tetraploid of this
type.
The cause of the fertility of this tetraploid from L. pimpinellif olium is unknown as yet. Cytological studies are not sufficiently
advanced to afford any clue. This species has the same chromosome
number as the esculentuni species, but they are different to some
extent since F 1 hybrids between esculentum and pimpinellifolium
show a small, but constant degree of pollen abortion. Both F 1 and
F 2 generations of such crosses exhibit a pronounced dominance of
the pimpinellifolium characteristics, particularly in fruit size.
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